We evaluate the "σ" exchange contribution to theKN →KN scattering within a chiral unitary approach. We show that the chiral transition potentials for ππ → KK in the tchannel lead to a "σ" contribution that vanishes in theK forward direction and, hence, would produce a null "σ" exchange contribution to the K − optical potential in nuclear matter in a simple impulse approximation. This is a consequence of the fact that the leading order chiral Lagrangian gives an I = 0 ππ → KK amplitude proportional to the squared momentum transfer, q 2 . This finding poses questions on the meaning or the origin of "σ" exchange potentials used in relativistic mean field approaches to the K − nuclear selfenergy. This elementary "σ" exchange potential inKN →KN is compared to the Weinberg-Tomozawa term and is found to be smaller than present theoretical uncertainties but will be relevant in the future when aiming at fitting increasingly more accurate data.
Introduction
A lot of attention is being paid to the interaction of the negative kaons with nucleons nowadays. It has been traditionally a testing field for chiral dynamics and non-perturbative methods since, close below the threshold, there is the Λ(1405) resonance, which is dynamically generated within the non-perturbative chiral unitary approach [1, 2, 3, 4] . Much before these methods became popular, the Λ(1405) was already advocated as a bound state of meson baryon in the coupled channels of πΣ andKN [5, 6] . One of the consequences of the systematic study of theKN interaction in the chiral unitary approach is the realization that there are two poles for the Λ(1405) resonance [7, 8, 9, 10, 11, 12] , which get support from the recent experiment [13] in conjunction with the analysis done in [14] . The recent determination of in nature, it is nevertheless interesting to see what does one obtain for the σK coupling at the elementary level. This is possible within the chiral unitary approach, following similar lines to what was done in [37] to get the contribution of σ exchange to the N N potential, or to the Λ N and Λ Λ in [38] . This is the purpose of the present paper. While addressing this problem, we realize that we generate a genuine term that one should also take into account in the study of theKN elementary interaction, and which is not done in the studies carried out with the lowest order chiral Lagrangian [2, 3, 4, 7, 8, 9, 10] . Interestingly, we will find that this contribution is zero atKN threshold forK forward angles, and quite small in any case. Using this term in the construction of the optical potential at the mean field level for kaon interaction in infinite nuclear matter, which requires the forward amplitude, one obtains a null contribution. This is a consequence of the fact that the leading order chiral Lagrangian gives an I = 0 ππ → KK amplitude proportional to the squared momentum transfer, q 2 . This result was already found in [39] although there only the direct coupling of the kaon to the pion cloud was used, through the Kπ → Kπ amplitude, while here we consider other steps involving the ππ interaction to make a connection with the phenomenological "σ" exchange.
We shall also discuss the contribution of such a term in the case of kaon pair creation, since due to the details of chiral dynamics involved, the contribution is finite.
The paper proceeds as follows: in next section we present results for the σ coupling to KK at the σ pole. In section 3 and 4 we study the effects of the "σ" exchange in the tchannel for theKN →KN interaction. In section 5 we compare these results with the Weinberg-Tomozawa interaction and in section 6 we draw conclusions.
Coupling of σ to KK in the s-channel
The σ meson appears in chiral unitary approaches as a dynamically generated resonance in the interaction of ππ and KK coupled channels in I = 0 and L = 0 [40, 41, 42] . It appears as a pole in the t-matrix of the ππ scattering in the complex plane, from where one can deduce the mass and the width [40, 43, 44] . These values are around 450 MeV and 400 MeV respectively, and are in agreement with alternative approaches based on the Roy equations [45] . The inspection of the poles not only provides the mass and the width of the resonance, but also the coupling of the resonance to the different channels by evaluating the residues of the different amplitudes at the pole. This analysis has already been done in [44] , where one obtains for the moduli of the couplings
when a mixture with a possible preexisting scalar state around 1GeV of mass is allowed and
when the scalar mesons below 1.2 GeV are generated dynamically.
In [46] , These couplings have been calculated at the pole of the σ, hence, ξ σ KK provides the coupling of the σ to a virtual KK state with total energy of ∼ 450 MeV at rest. Although this situation is not the one we will encounter in the study of theKN −→KN interaction in the next section, it is interesting to compare the |ξ σ KK | coupling with those used in [29, 47, 48, 49] . In [29] the σK coupling is defined by means of the Lagrangian
which describes the interaction of the antikaon field (ψ) with the scalar (σ) and vector (ω) isoscalar fields. We should compare g σK m K with |ξ σ KK |. However, g σK is given in [29] in terms of α σ as
We take a standard value of g σN from [50] g σN 2 4π = 5.69 (6) giving g σN = 8.45. Hence, in the chiral unitary framework for the energy of the σ one finds
This result is curiously close to the one obtained by quark models, i.e., 1/3, as quoted in [29] . It is also close to the value of reference ∼ 0.2 − 0.3 used in [29] and modified in various ways in subsequent papers [30, 31, 32] .
In other works g σK is connected to theKN Σ-term [47, 48, 49] as
and the value of ΣK N is taken from some lattice calculation [51] The discussion above clarifies the meaning of the g σK couplings used in the literature. However, the information provided in eq. (1) for the g σK coupling from the microscopical chiral unitary theory is not what one should use inKN scattering since, as mentioned above, this corresponds to an energy of about 450 MeV in theKK production channel. This is the t-channel inKN →KN scattering and the equivalent KK energy, the Mandelstam variable t inKN →KN , is zero for forwardK scattering. We focus the discussion for this case in the next section.
3KN →KN with σ exchange
In [37] the chiral unitary approach was used to describe microscopically the "σ" exchange in N N collisions. Since the "σ" is a dynamically generated resonance from the interaction of ππ, KK (largely ππ), the microscopic picture for σ exchange is given in fig. 1 .
In the present context it is essential to recall that even if the ππ → ππ amplitude in fig shown to get absorbed into the couplings and masses of the theory by renormalizing them [40] . As a consequence of all this, one has to evaluate only the diagrams of fig. 1 by using the on-shell ππ → ππ vertices provided by the lowest order chiral Lagrangian. This said, it is straightforward to draw the diagrams contributing to the coupling of the kaon to the nucleon via "σ" exchange (see fig. 3 ).
The diagrams for K − p → K − p can be drawn in detail as shown in fig. 4 , where the circle denotes the full ππ → KK t-matrix, including all the bubble iterations implicit in the Bethe-Salpeter equation used to evaluate the amplitude in [40] .
Using the unitary normalization
we get [27] by
with
is the four momenta transfer, D = 0.8, F = 0.46, M ∆ the ∆ mass and
We take the empirical value for the ratio of the couplings f * πN ∆ to f πN N as 2.12.
The transition amplitude of eq. (10) is given by 2 ), complying with the finding in [40] that the KK channel plays basically no role in building the "σ", and 2) by factorizing the last vertex, i.e, the ππ → KK transition potential (see fig. 3 ). The function G(q 2 ), the loop function of two pion propagators, is given by
with µ the regularization mass, which was found to be µ = 1.2q max = 1.1 GeV [43] for the value of the cutoff, q max , needed for a good fit to the ππ data and
Let us now consider the transition potential, for the ππ → KK scattering, obtained in [40] which gives
Recalling that this amplitude is to be used on-shell in our approach, which means taking p 2 i = m 2 i in the potential, we find
which vanishes for K − p scattering in the forward direction. The consequence is, thus, that the σ exchange for K − p → K − p scattering in the forward direction is exactly zero. We will come back to the non-forward case. Now we discuss the case of the K − -nucleus interaction in the mean field approach. A simple impulse approximation, disregarding other sources of interaction andKN rescattering effects, would give a nuclear potential such that
with t K − p → K − p given by eq. (10). So far we have relied upon the exchange of pions which generate the "σ" through the pion interaction. We could hope that if we allowed kaons to be exchanged instead of pions, hence, building the f 0 (980) resonance, we could get some finite contribution for V "σ"
opt , but once again we have from Eqs.(18) of [40] 
which also vanishes identically for forward kaons, providing no contribution to the K − optical potential in nuclear matter in the impulse approximation. The microscopic picture has, thus, given no "σ" contribution to the K − nucleus optical potential. This situation is quite different from the one encountered in the NN interaction. There the σ exchange provides a finite contribution to the NN interaction, and in fact is quite important to account for the binding of nuclei. It is interesting to compare the σ exchange obtained for the N N interaction with the microscopic picture with the one obtained from the conventional σ exchange. In the latter case, in momentum space one has
while in the microscopic case one obtains [37]
It is possible to establish the equivalence of the denominators in both cases since they both generate the σ pole at the σ mass. But then the microscopic picture contains extra q dependence from the vertex functions and the numerator. In coordinate space this potential leads to an attraction at long distances compatible with the one found in [50] but at short distances it produces a repulsion [37] . This change of sign in the "σ" exchange has been tested in [53] in the study of the hyperon nucleon interaction leading to a better fit to data. The differences between these approaches, σ exchange, and our theoretical procedure, that we should rather call isoscalar correlated two pion exchange to clearly distinguish it from ordinary σ exchange, can be traced back to essential features of the ππ interaction. The σ pole indeed appears in the chiral approaches [40, 41, 42, 43, 44, 54] and it also shows up in the ππ scattering matrix resulting from the Roy equations analysis [45, 55, 56] . In all these pictures one can see that the ππ amplitude at low energies bears more information than the one that would result from the consideration of the σ pole alone. This is the fundamental reason of the differences found between a simplified σ exchange and our correlated isoscalar two pion exchange.
It should also be mentioned that the features of the correlated two pion exchange N N interaction, with a weak attraction at large distances and repulsion at short distances, is tied to the way we regularize the triangle loop function of the vertexṼ (q), where a cut off of around 1GeV in the modulus of the three momentum is used. These features are somewhat different than those obtained in [57] , where a different renormalization is done and the ππ multiple scattering is not considered. The cut off used by us is of natural size but its ultimate justification lies in the fact that with this cut off one obtains a good agreement with the empirical "σ" exchange potential at long distances of [50] , and also to the fact that adding to the obtained N N potential the uncorrelated two pion exchange and an empirical ω-exchange potential one finds a good agreement [58] with the empirical scalar isoscalar Argonne-14, -18 potentials [59, 60] .
Coming back to the present case, the σ exchangeKN potential has only one vertex V (q) and the numerator is also different than in the case of the NN interaction, since the numerator of eq. (20) does not vanish at q 2 = 0 while the one in eq. (12) vanishes in that limit. The relativistic mean field approach derives the σK potential by solving the equations of motion with some effective Lagrangians in the mean field approximation. The σK potential is proportional to σ(r)g σK , with σ(r) the σ mean field. This field bears some memory of the σ propagator of our approach in coordinate space. The coupling of σ(r) to K is factorized out in the mean field potential and in [29] g σK is varied in some range, multiplying the free value of reference by some factor. The case here is that the σK coupling is zero at the elementary level and by multiplying it by σ(r) and any other factor it will remain zero.
In the present case, unlike the case of the NN interaction, the effective elementary g σK is zero and cannot serve as a reference of a size to be moderately changed when going to the nuclear case.
We can rephrase some of the former ideas as follows. In the relativistic mean field approach for nucleons in nuclear matter, the effective σ exchange is not exactly the same as in the NN interaction, but bears some memory of it and one hopes that some microscopical derivation could establish the link. In the present case there is no σ exchange contribution at the elementary level in the K − N → K − N amplitude for forward angles, which leaves us wondering what is the meaning of the σ exchange at the mean field nuclear level. One would have to go through the iterations of the Weinberg-Tomozawa dominant K − N → K − N potential through intermediateKN and πΣ states to generate the K − N → K − N t-matrix as a first step to construct the K − nucleus optical potential, but these diagrams do not lead to a structure resembling the "σ" exchange in the t-channel.
4 Additional channels and higher order contributions.
So far our discussion relies upon the use of the lowest order Lagrangian and the ππ and KK channels. We must take into account that if we include the ηη channel, the coupling of ηη to KK is not null at forward angles. In order to estimate its contribution it suffices to evaluate the first diagram of fig. 3 , replacing the two pions with two η's.
The contribution of this term to eq. (10) would be given by
withṼ (q) obtained from eq. (11) substituting
The amplitude t ηη→KK is given at the lowest order by
The evaluation of eq. (21) gives us
This should be compared with the isoscalar t K − N →K − N amplitude at theKN threshold [2, 19] of the order of t
or the equivalent t-matrix assuming the K − selfenergy at normal nuclear matter density
The change of sign from the free t-matrix to the effective one in the medium is a consequence of the Pauli blocking and selfconsistency in the many body calculation [20, 21, 22] . Hence, the η channel contribution is of the order of 1% and, thus, negligible. Other contributions involving previous ππ scatterings in the series of fig. 3 give even smaller contributions. Next we turn to higher order contribution in the ππ → KK amplitude. This contribution does not vanish at the threshold. Results for the ππ → KK amplitude can be found in the appendix of [43] .
Using the second order chiral Lagrangian of Gasser and Leutwyler [61] , we find for the I = 0 case [43] 
In the forward direction of ππ → KK, (s ≡ 0), we obtain
and using the numerical values of [61] we find for the combination of L i coefficients within the curly brackets
As we can see, the result is compatible with zero. Yet, it is important to see the order of magnitude of this contribution. Coming back to eq. (10) and substituting there the new T 4 contribution to the ππ → KK amplitude, we find
which is about a factor thirty smaller than the effective t-matrix of eq. (28) and, hence, negligible since it is far smaller than theoretical uncertainties from other sources [16] .
Comparison of the "σ" exchange term with the Weinberg-Tomozawa term
We now compare eq. (10) with the I = 0 Weinberg-Tomozawa (WT) term for
K , the kaon energy in the C.M. frame. On the other hand, eq. (10), together with Eqs. (12) and (16), can be written as
The value q 2 in the "σ" exchange potential is
which splits this term into the s-wave and p-wave parts. At threshold this is also zero since k = 0. We can project V "σ"
KN →KN (q) of eq. (34) in s-wave as In fig. 5 we plot the ratio of V "σ"
as a function of | k|, the kaon momentum in theKN C.M. frame. As we can see, the ratio of the "σ" exchange contribution to the WT term is zero at the threshold and stays small in a wide range. At | k| ∼ 200 MeV/c this ratio is still of the order of 8%. This contribution is smaller than differences between different options of the t-matrix compatible withKN data, as shown in [62] , so there is not much to worry about, unless one is aiming at a precision higher than that provided by the actual data. This finding comes to stress once more the large dominances of the W T contribution in theKN scattering, which is a basic assumption in the various chiral approaches.
Conclusions
We have evaluated the correlated isoscalar two pion exchange contribution to the K − N → K − N scattering within the chiral unitary approach and have found it to vanish at the threshold and at any energy in the forward direction using the lowest order of the chiral Lagrangians. This is a consequence of the fact that the leading order chiral Lagrangian gives an I = 0 ππ → KK amplitude proportional to the squared momentum transfer, q 2 . We also found that non vanishing forward contributions from higher order meson meson Lagrangians, or the consideration of the ηη → KK transition, led to negligible corrections.
If one makes a mapping of this elementary correlated two pion exchange to get the correlated two pion exchange contribution to the K − optical potential for K − in the nuclear matter, the potential vanishes, since it requires the elementary amplitude at forward angles. This result raises questions on the microscopical meaning of the "σ" exchange potential often used in the literature in relativistic mean field models of the K − nucleus interaction. On the other hand, projecting the s-wave part of the correlated isoscalar two pion exchange amplitude, we have compared it with the dominant Weinberg-Tomozawa amplitude and we find the ratio to be quite small. It is zero at the threshold and reaches a maximum value of < 12% at relatively high momenta of the kaon of the order of 400 MeV/c. This contribution is small compared with present uncertainties in the theoretical models but might become relevant in a future if one aims at having fits to increasingly more accurate data.
